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and structural integrity and reducing the immunologic
response.8-10 Previous experiments in dogs showed that
after implantation of cryopreserved tracheal allografts,
the trachea maintained its structure and no lymphocytic
infiltration developed in or under the epithelial layer·11-14
However, the reason for this phenomenon is still unclear.
In this study, we investigated the origin of the epithelium
in transplanted cryopreserved tracheal allografts and
tried to clarify the mechanism by which immunogenicity
in cryopreserved tracheal allografts is reduced.
Materials and methods
Animal strains. Experiments were performed on the fol-
lowing inbred rat strains: (1) PVG rat: RT1 haplotype is c; (2)
ACI rat: RT1 haplotype is a.
The following monoclonal antibodies were used for recog-
nizing a major histocompatibility complex (MHC) class I
determinant: (1) anti-rat RT1.A recognizes an MHC class I
determinant, haplotypes c and n (Cedarlane Laboratories, Ltd,
Hornby, Ontario, Canada); (2) anti-rat RT1.A recognizes the
rat MHC class I antigen, haplotypes a and b, and does not
A s compared with other organs, the trachea is gener-ally believed to have a weak rejection reaction to
grafts.1 However, the tracheal allograft may be rejected
if immunosuppression is not administered.2-5 Studies of
antigenicity have shown that the tracheal epithelium
may play an important role in graft rejection.6,7 Re-
ducing the antigenicity of the allograft itself is an excel-
lent method for controlling the immunologic reaction.
For this purpose, cryopreservation techniques were
applied and were fairly effective in maintaining viability
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react with haplotypes c, l, and u (PharMingen, San Diego,
Calif).
Tracheal transplantation. Tracheal transplantation was
performed with PVG rats used as donors and ACI rats as
recipients. Tracheal allografts for cryopreservation were pre-
pared from healthy PVG rats. The freezing medium was TC-
199 solution with a final concentration of 5% HEPES buffer
and 10% dimethyl sulfoxide. A sterile plastic bag containing
the specimen was filled with the freezing medium, sealed,
and frozen at a rate of –1°C/min to –80°C by a programmed
freezer. The bag was then stored in liquid nitrogen (at
–196°C) for 1 to 2 months. At implantation, the specimen
was thawed by placing the bag in a 40°C water bath and rins-
ing out the freezing medium.
After being euthanized with an intra-abdominal injection
of atropine sulfate (1 mg/kg) and pentobarbital sodium (10
mg/kg), an ACI rat (weighing 263.3 ± 34.3 g) was placed in
the supine position. After a skin incision and a median split in
the cervicolongitudinal muscle were made, the cervical tra-
chea was exposed. A 5-ring segment of the cervical trachea
was resected, and the trachea was then reconstructed with the
cryopreserved tracheal segment from a PVG rat. Anastomo-
ses were performed with 3 or 4 interrupted sutures of 7-0
polypropylene. During the proximal and distal anastomoses,
ventilation was maintained by spontaneous breathing through
a 16-gauge orotracheal tube. No immunosuppressive agents
or steroids were given to the rats.
Fig 1. Histologic investigations of the cryopreserved tracheal
segment was performed at 3 days (A), 1 week (B), and 2
months (C) after transplantation (· 40). Three days after
transplantation, the epithelium of the transplanted segment
had disappeared, and in 1 week it grew sparsely. Two months
after transplantation, the epithelium and tracheal cartilage of
the transplanted cryopreserved segment displayed normal
histologic structural integrity.
Fig 2. Immunohistochemical staining of a cryopreserved tra-
cheal segment of PVG rat before transplantation was per-
formed. A, Tracheal segment stained with anti-rat RT1.Ac and n
(anti-PVG rat). B, Segment stained with anti-rat RT1.Aa and b
(anti–ACI rat). MHC class I antigen of the PVG rat (c haplo-
type) was expressed in the epithelium and the cartilage stained
by anti-rat RT1.Ac and n.
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Two months after tracheal transplantation, the animals
were killed and the tracheal grafts were examined grossly and
microscopically. Immunohistochemical staining was per-
formed with the anti-rat RT1.A monoclonal antibody that rec-
ognizes an MHC class I determinant.
All animals were treated in compliance with the “Principles
of Laboratory Animal Care” formulated by the National
Society for Medical Research, the “Guide for the Care and
Use of Laboratory Animals” prepared by the Institutes of
Laboratory Animal Resources and published by the National
Institutes of Health (NIH Publication No. 86-23, revised
1985), and the “Guidelines for Animal Experimentation” pub-
lished by the Japanese Association for Laboratory Animal
Science (Exp. Anim. 36(3), 285-288, 1987). 
Results
Twelve tracheal transplants were performed and 2
ACI rats died within a week after the operation. Of the
10 ACI rats that survived, 2 were killed and examined
3 days after the operation, 2 rats 1 week after the oper-
ation, and 6 rats 2 months after the operation.
Histologic changes were determined and immunohisto-
chemical staining was performed to investigate MHC
class I antigens of the transplanted tracheal segment.
Histologic investigation. Three days after transplan-
tation, the epithelium of the transplanted segment had
disappeared, and in 1 week it grew sparsely. Two
months after the operation, the epithelium and tracheal
cartilage of the transplanted cryopreserved segment
displayed normal histologic structural integrity. The
epithelium had pseudostratified columnar features with
ciliated, mucous, and basal cells in these segments; the
cartilaginous architecture was not disrupted. No lym-
phocytic infiltration was detected in or under the
epithelial layer in these segments (Fig 1).
Immunohistochemical staining. MHC class I anti-
gens were expressed in the cryopreserved tracheal seg-
ments of PVG rats with the use of anti-rat RT1.Ac and n
(Fig 2). After transplantation of cryopreserved tracheal
Fig. 3. Immunohistochemical staining of the transplanted cryopreserved tracheal segment of PVG rats at 2
months after transplantation. A and B, Tracheal segment stained with anti-rat RT1.Aa and b (anti–ACI rat). C and
D, Tracheal segment stained with anti-rat RT1.Ac and n (anti–PVG rat). MHC class I antigen of the ACI rat was
expressed in the epithelium of the transplanted segment, and MHC class I antigen of the PVG rat was expressed
in the cartilage of the transplanted segment.
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structure of the tracheal epithelium is preserved; how-
ever, after transplantation, the epithelium of the donor
is replaced by the epithelium of the recipient on the
donor trachea. Therefore we conclude that antigenicity
is reduced by the growth of the recipient’s epithelium
over that of the donor.
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segments of PVG rats, MHC class I antigen of the ACI
rat was expressed in the epithelium of the transplanted
segment, and MHC class I antigen of the PVG rat was
expressed in the cartilage of the 6 transplanted seg-
ments (Fig 3). In transplantation of cryopreserved tra-
chea, the epithelium of the transplanted cryopreserved
segment originated from the recipient epithelium, and
the cartilage retained the structure of the donor trachea.
Discussion
Tracheal allografts may be rejected without immuno-
suppression, and the epithelium of the trachea may play
an important role in such rejection.2-4 In controlling
immunologic reactions, use of immunosuppressants
certainly attenuates graft rejection, but these agents can
also increase airway infection after tracheal replace-
ment. Therefore reducing the antigenicity of the allo-
graft itself is a preferred alternative. Cryopreservation
techniques are favored for maintaining viability and
structural integrity and reducing the immunologic
response of several tissues.8-10 This method has been
applied to experimental tracheal allotransplantation,
and immunosuppressant-free tracheal allotransplanta-
tion has been carried out successfully.11-14 In these
experiments, eliminating the epithelium was hypothe-
sized to have played an important role in the success of
cryopreserved tracheal allotransplantation. Inasmuch
as the epithelium of the transplanted segment was well
monitored after transplantation, it was unclear whether
the epithelium that grew belonged to the donor or the
recipient. In other words, was the donor’s epithelium
(in which antigenicity was reduced by cryopreserva-
tion) growing, or did the recipient’s epithelium develop
after the elimination of the donor’s epithelium? We
investigated the origin of the epithelium of the trans-
planted cryopreserved segment and proposed a mecha-
nism by which antigenicity is reduced in cryopreserved
tracheal allografts.
In our experiment, the tracheal epithelium was pre-
served after freezing and thawing of the donor trachea.
However, 2 months after replacement of the donor tra-
chea, the epithelium of the donor had disappeared and
the epithelium of the recipient had developed over the
transplanted donor trachea. After cryopreservation, the
